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Abstract The Middle Triassic records the return of diverse marine communities after the 
severe effects of the end-Permian mass extinction. This diversification leads to the Mesozoic/
modern adaptive radiation resulting in substantial changes in marine communities in compari-
son to their Paleozoic predecessors. This analysis focuses on the faunal abundance, ecologi-
cal patterns, and environmental interpretation of a Middle Triassic section in Central Nevada. 
Twelve bulk samples were collected. Visible fossils were identified and tallied from hand sam-
ples and thin-sections were used to aid in environmental interpretation. Beginning in the Late 
Anisian, we observed an ammonoid dominated to flat-clam, epifaunal dominated benthic com-
munity within a muddy, quiet, inner shelf depositional environment. Through time, epifaunal 
bivalves dominate within a middle shelf environment followed by an increase in infaunalization 
and shell-thickness. During this time the presence of oncoids and the reported finding of cor-
als suggest the middle shelf environment gave way to a higher energy patch reef shelf edge 
environment. Finally, we observe epifaunal brachiopods communities at the top of our section 
deposited in a middle shelf environment. In sum, we observe the dominance of modern taxa 
(i.e., bivalves) with Paleozoic ecologies (i.e., epifaunal), followed by the dominance of modern 
taxa with Modern ecologies (i.e., infaunal, thick shells) and then a return to Paleozoic taxa (i.e.,
brachiopods) and Paleozoic ecologies within an overall transgressive environment.
Key words biotic recovery, Middle Triassic, Star Peak Group, Favret Formation, Augusta 
Mountain Formation
1 Introduction*
The Middle Triassic, particularly the Anisian, records 
an interesting and important evolutionary phase for marine 
biota. During this time survivors of the end-Permian mass 
extinction, as well as several lineages of Lazarus taxa, 
began to diversify and obtain their more modern adap-
tive characteristics (Vermeij, 1977; Miller and Sepkoski, 
1988; McRoberts, 2001; Sepkoski, 2002). This radiation 
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is thought to mark the onset of substantial reorganization 
of marine communities leading up to the marine Mesozoic 
Revolution (MMR) — the establishment of a marine fauna 
with modern characteristics (McRoberts, 2001). Previous 
work derived their diversification patterns from regional 
and global scales; however, to fully understand how this 
reorganization initiates, we must examine communities on 
the local scale.
Recent work focusing on the local scale examines the 
faunal abundance patterns throughout the Middle and Late 
Triassic with a primary focus on Europe and China (Pálfy, 
1990; Feng et al., 2001; Komatsu et al., 2004; Payne et
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al., 2006; Bonuso and Bottjer, 2008; Posenato, 2008; Die-
drich, 2009; Chen et al., 2010). Few local scale studies 
exist in western North America perhaps due to limited 
Middle to Upper Triassic marine rock exposures as a con-
sequence of their origination on an active plate margin. 
Although sparse, Middle to Upper Triassic sections exist 
in Central Nevada. Researchers primarily studied these 
sections for their biostratigraphic significance (Silberling 
and Tozer, 1968; Silberling and Nichols, 1982; Balini et
al., 2007) and their taxonomic significance (Roniewicz 
and Stanley, 1998; Hopkin and McRoberts, 2005; Waller 
and Stanley, 2005). However, few comprehensive studies 
of faunal patterns within a stratigraphic framework exist. 
This research focuses on South Canyon, Central Nevada 
— a field location that exposes Middle to Upper Triassic 
rocks (Figure 1).
The goal of this project is to document and compare 
the fossil distributions within their environmental param-
eters to reveal any underlying associations and determine 
if or when the switch to more modern characteristics (e.g.,
infaunal life style) occurred in this section. Based on pre-
liminary observations, our hypothesis states that within 
our area, Paleozoic taxa and ecologies (e.g., epifaunal life 
style) dominate Middle Triassic communities. We test this 
hypothesis by collecting petrographic and abundance data 
from the Favret Formation and Lower Member, Augusta 
Mountain Formation in South Canyon, Nevada (Figure 2).
2 Background
2.1 Geology
This study focuses on the Triassic section at South Can-
yon, located in the southern portion of the western front 
of the New Pass Range, in North-Central Nevada (Balini 
et al., 2007; Figure 1). Our research focuses on the Favret 
Formation and Lower Member of the Augusta Mountain 
Formation, both within the Star Peak Group (Figure 2). 
The Star Peak Group consists of units of mostly carbon-
ate marine rocks of Middle to Late Triassic age exposed 
throughout North-Central Nevada (Emmons, 1877; King, 
1878; MacMillian, 1972; Nichols and Silberling, 1977). 
The Star Peak Group overlies the Koipato Group; the Koi-
pato Group consists primarily of conglomerates and silt-
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Figure 1 Location map of South Canyon, Nevada, USA.
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stones along with volcanic and volcaniclastic rocks (Balini 
et al., 2007) and lacks marine fossils (MacMillian, 1972). 
The Koipato Group contains abundant scour marks, ripple 
marks, and cross-bedding, which are indicative of a fluvial-
deltaic system (MacMillian, 1972). The Favret Formation 
conformably overlies the Koipato Group and it is the basal 
unit of the Star Peak Group (MacMillian, 1972; Balini et
al., 2007) (Figure 2). The Favret Formation consists of in-
terbedded thin-bedded, dark organic-rich limestones with 
calcareous shales and siltstones, representing a near-shore 
environment (MacMillian, 1972). Much of the Favret 
Formation is comprised of thin-shelled bivalve biosparite 
(MacMillian, 1972), with a shallow benthic fauna consist-
ing primarily of brachiopods, crinoids and gastropods (Bu-
cher, 1992a). The Favret Formation at South Canyon has 
been correlated with the Fossil Hill Member of the Favret 
Formation exposed elsewhere in the New Pass Range (Mc-
Coy and Wildhorse mines) and from various localities in 
North-Central Nevada: in the Augusta Mountains (Favret 
and Muller Canyons), in the southern Tobin Range, and 
with the Prida Formation in the Humboldt Range (Bucher, 
1992b). The lower portion of the Favret Formation is not 
present at South Canyon as it is in other sites due to subsid-
ence resulting from synsedimentary block faulting follow-
ing a period of uplift and erosion prior to deposition of the 
upper portion (MacMillian, 1972).
The Augusta Mountain Formation overlies the Favret 
Formation and is divided into three members: Lower, Mid-
dle, and Upper (Figure 2). The Lower Member consists 
mostly of thick-bedded to massive limestone, with inter-
calated shales and siltstones in the lower portion, cherty 
conglomerates/breccias in the middle portion and massive 
limestones with corals in areas and a few shale intervals 
in the upper portion (Balini et al., 2007). The uppermost 
portion of the Lower Member consists of brachiopod-rich 
limestone layers, which have a “coquina-like” appearance 
(Johnston, 1941; Balini and Jenks, 2007; Balini et al.,
2007) (Figure 2). MacMillian (1972) interpreted the Lower 
Member as a carbonate shelf environment, with the pres-
ence of shales and massive limestones indicating a lower 
energy, offshore environment relative to the near shore en-
vironment of the Favret Formation. However, the presence 
of the cherty conglomerates/breccias indicates brief re-
gressional periods due to regional uplift that resulted in in-
creased input of terrigenous sediments deposited over the 
carbonate shelf (MacMillian, 1972). The Middle Member 
consists of alternating marls and limestones (Balini et al.,
2007) and is indicative of a further offshore environment 
due to the increased amount of clay (MacMillian, 1972). 
The Upper Member consists of massive gray limestones 
(Balini et al., 2007) and represents a similar depositional 
environment as the Middle Member (MacMillian, 1972). 
The Star Peak Group is unconformably overlain by Ter-
tiary ash-flow tuffs with volcaniclastic deposits (Balini et
al., 2007; Figure 2).
2.2 Paleontology
 Numerous studies have described the ammonoid fauna 
at South Canyon and have been instrumental in developing 
North American Triassic biostratigraphy (Johnston, 1941; 
Silberling, 1956; Silberling and Tozer, 1968; Balini and 
Jenks, 2007; Balini et al., 2007). Due to the nearly com-
plete ammonoid succession across the Ladinian-Carnian
boundary at South Canyon, attempts have been made to 
define the Global Boundary Stratotype Section and Point 
(GSSP) for the base of the Carnian (Waller and Stanley, 
2005; Balini and Jenks, 2007; Balini et al., 2007). In ad-
dition to ammonoids, the Triassic succession at South 
Canyon yields several other groups of fossils, including: 
cnidarians, foraminifera, conodonts, bivalves, brachio-
pods and gastropods. Several studies have been carried out 
on the various taxonomic groups within the South Can-
yon section. These studies include descriptions of the fo-
raminifera (Gazdzicki and Stanley, 1983), cnidarians (Ro-
niewicz and Stanley, 1998), bivalves (Waller and Stanley, 
2005) and brachiopods (Smith, 1914). The aforementioned 
studies were mostly reported from the Lower Member of 
the Augusta Mountain Formation. However, conodonts 
were also reported from the Middle Member, Augusta 
Mountain Formation (Mosher, 1968; Balini et al., 2007). 
Overall, substantial paleontological studies have been con-
ducted in South Canyon. However, none have conducted a 
quantitative abundance analysis of taxa and their ecologies 
within an environmental context.
3 Methods
This study aims to document Middle Triassic faunal 
rediversification, thus samples were collected from the 
Favret Formation and Lower Member, Augusta Mountain 
Formation (Figure 2). The formations were measured via 
compass and Jacob staff method and described and sam-
pled as measured. Samples were collected as we walked 
the canyon floor. Good exposures were limited resulting 
in a coarse sampling scheme of one sample approximately 
every 50 meters. Twelve bulk samples were collected and 
each bulk sample contains three to eight slabs of fossilifer-
ous rock. Visible fossils in hand samples were identified to 
77Vol. 3  No. 1
Pedro M. Monarrez 
and Nicole Bonuso:
Patterns of fossil distributions within their environmental context 
from the Middle Triassic in South Canyon, Central Nevada, USA
Figure 2 Detailed startigraphic column with relative abundance, lithofacies, environmental interpretation data (Modified after Silber-
ling and Nichols, 1982; Bucher, 1988; Ballini et al., 2007). Diagonal lines indicate unavailable data.
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the genus level and to the species level when it was possi-
ble (Figure 3). Abundance data were tallied and ecological 
categories were determined using the Paleobiology Data-
base (www.pbdb.org; Table 1). Seventy petrographic thin-
sections were created for sedimentological analyses. The 
section comprises mixed siliciclastic-carbonates hence we 
used Dunham’s (1962) carbonate classification scheme to 
categorize our rocks. 
4 Samples and results
The samples collected for the study span the Upper 
Anisian to Ladinian of the Middle Triassic rocks at South 
Canyon (Figure 2). The bulk samples consist of primarily 
carbonate rocks. However, slabs from silt and shale beds 
were also collected. The following will review the overall 
sedimentology and fossil content of each sample both in 
hand sample and thin-section (See Table 1 for complete 
lists of taxonomic and ecologic data).
4.1 Sample 8-1: Favret Formation
This sample consists of black, organic-rich, carbonate 
mudstone and tan, laminated silty limestone. Most of the 
fossils in this sample come from the tan colored silty lime-
stone, which lies parallel to bedding with little or no bio-
turbation. The fossils in this sample consist of abundant 
ammonoids and flat-clam bivalves. Thin-section analysis 
reveals that the black carbonate mudstone has a peloidal 
mud matrix (Figure 4A). The tan colored rock consists 
of micrite matrix with high abundance of siliciclastics, 
which occur in layers (Figure 4B). Evidence of lamina-
tions giving way under the weight of an ammonoid sug-
gests that the sediment at the time of deposition consisted 
of soft mud. The tan rock also contains a large amount 
of hematite and siliciclastics (Figure 4B). The organic-
rich content, evidence of soft-sediment deformation and 
the mudstone grain size indicate deposition took place in 
a quiet water environment. In terms of ecology, mobile 
nektonic carnivores dominate the community (Figure 4; 
Table 1).
4.2 Sample 8-2: Favret Formation
This sample consists of a medium gray wackestone 
with several ammonoid impressions. In terms of bulk, 
this sample was the smallest and therefore a small number 
of fossils were extracted (Table 1). This sample contains 
Figure 3 Hand samples of the most well preserved specimens. All pictures are true size; scale bars are 2 mm except where noted. 
A-Gervillaria ponderosa; B-Daonella elongata; C-Dagyspirifer sp.?; D-Gervillaria ponderosa; E-Daonella rieberi; F-Loxocha-
mys sp.; G-Gervillaria ponderosa; H-Enteropleura sp.; I-Spiriferid; J-Nevadites sp.
A B C
D E
F
G
J
H
I
5 mm
5 mm
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mostly ammonoids — mobile nektonic carnivores (Figure 
5); bivalve fragments can only be seen in thin-section (Fig-
ure 6). As with the previous sample, this sample contains 
abundant hematite with some siliciclastics. Weak lamina-
tions are present, indicative of a quiet water environment 
(Figure 6). 
4.3 Sample 8-3: Favret Formation
This sample consists of tan siltstones and brown silty 
wackestone with high amounts of hematite. The siltstones 
are very fossiliferous consisting almost entirely of the 
Halobiid bivalve Enteropleura sp. A — stationary epifau-
nal suspension feeders (Figures 3H, 5). The silty wacke-
stone contains wavy brown to orange laminations of pre-
dominately hematite and other siliciclastics and is devoid 
of fossils (Figure 7). The grains within the silty wacke-
stone are coarse silt and sand size (< 1 mm).
4.4 Sample 8-4: Favret Formation
This part of the section is comprised of thin-bedded 
limestones interbedded with siltstone. The rock consists 
of a dark gray mudstone with a considerable amount of 
silt and siliciclastics. Abundant Daonella specimens of 
various species are present throughout — all of which are 
stationary epifaunal suspension feeders (Figure 5). In ad-
dition, ammonoids, foraminifera and ostracodes are pre-
sent (Figure 8A, 8B). The presence of flat clams such as 
Daonella and the overall mudstone grain size suggest a 
quiet depositional environment. 
4.5 Sample 8-5: Lower Member, Augusta 
Mountain Formation
This sample comprises a dark gray mudstone with iron 
oxide staining. In hand sample, brachiopods and bivalves, 
both stationary epifaunal suspension feeders, dominate 
while ammonoids — mobile nektonic carnivores comprise 
9% of the counted specimens (Figure 5). An even higher 
abundance of fossils exists in thin-section including os-
tracodes, bivalves, ammonoids, gastropods, and possible 
sponges (Figure 9A, 9B). 
4.6 Sample 8-6: Lower Member, Augusta 
Mountain Formation
This sample consists of light gray wackestone with 
large, pinkish iron oxide stains. The exterior of the hand 
samples lacks fossils; however, thin-sections indicate a 
high abundance of fossils including brachiopods, echino-
derms, foraminifera, and ostracodes (Figure 10A, 10B).
4.7 Sample 8-7: Lower Member, Augusta 
Mountain Formation
These rocks consist of dark gray mudstone suggestive 
of an organic-rich environment. Very little fossils are seen 
on the exterior of the hand sample but a higher abundance 
Figure 4 Thin-section photomicrographs of Sample 8-1 Favret Formation. A-Black carbonate mudstone; Am=Ammonoid with 
deforming lamination below;  B-Tan, silty limestone; Bi=Bivalve.
BA
Am
Bi
1000 μm
1000 μm
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Figure 5 Ecological niches through time with stratigraphic column for reference.
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is seen in thin-section including: echinoderms, bivalves, 
and ostracodes (Figure 11). Worth noting is the overall re-
duction of siliciclastics in comparison to previous samples. 
This might suggest that the depositional environment was 
more offshore. Only two bivalve specimens were identi-
fi ed for the entire sample thus ecological interpretations 
are unreliable (Figure 5).
4.8 Sample 8-8: Lower Member, Augusta 
Mountain Formation
This sample represents the onset of a cherty, conglom-
erate/breccia. The sample consists of red chert clasts in 
brown, silty, packstone. The chert pebbles are poorly sort-
ed and range from subrounded to subangular. There are no 
Figure 6 Thin-section photomicrographs of Sample 8-2
Favret Formation; Bi-Bivalve fragments; hematite-circled.
Bi
1000 μm
Figure 7 Thin-section photomicrographs of Sample 8-3
Favret Formation; brown, silty wackestone devoid of fossils, he-
matite and siliciclastic rich.
1000 μm
Figure 8 Thin-section photomicrographs of Sample 8-4 Favret Formation; dark gray carbonate mudstone. A-O=Ostracod; F=
Foraminera; Bi=Bivalve. B-Bivalve (Bi) with abundant siliciclastics.
A B
O
F
Bi
Bi
1000 μm
500 μm
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fossil specimens visible in hand samples, however several 
echinoderm and bivalve fragments are visible in thin-sec-
tion (Figure 12). 
4.9 Sample 8-9: Lower Member, Augusta 
Mountain Formation
This sample consists of gray wackestone with small 
chert clasts and abundant hematite crystals. Stationary epi-
faunal suspension feeding bivalves dominate this sample 
(Figure 5; Table 1). Similar to previous samples, the ma-
jority of the fossils are seen in thin-section. These fossils 
include bivalves, ammonoids, and ostracodes (Figure 13).
4.10 Sample 8-10: Lower Member, Augusta  
  Mountain Formation
This sample consists of a gray, porous packstone, which 
Figure 9 Thin-section photomicrographs of Sample 8-5 Lower Member of Augusta Mountain Formation; dark gray carbonate 
wackestone. E=Echinoderm spine; G=Gastropod; Bi=Bivalve; Br=Brachiopod.
B
E
Br
G
Bi
A
500 μm 1000 μm
G
B
E
Br
G
Bi
A
500 μm 1 00 μm
G
Figure 10 Thin-section photomicrographs of Sample 8-6 Lower Member of Augusta Mountain Formation; light gray, wackestone. 
A-Br=Brachiopod; E=Echinoderm spine; B-Bi=Bivalve.
A B
Bi
E
Br
1000 μm1000 μm
A B
Bi
E
Br
1 00 μm1 00 μm
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is composed entirely of chert at the base. The only fossils 
visible on the exterior of the sample are fragments of red 
algae and one stationary epifaunal suspension-feeding bi-
valve (Figure 5; Table 1). In thin-section, algae are present 
as well as echinoderm fragments, and few bivalves (Figure 
14). The non-chert portions of this sample are comprised 
of abundant, poorly sorted siliciclastics, with abundant he-
matite and peloids; these observations in combination with 
the presence of red algae suggest a high-energy deposi-
tional environment. 
4.11 Sample 8-11: Lower Member, Augusta 
  Mountain Formation
This sample is the most fossiliferous sample and the 
most ecologically diverse. It is composed of a dark wacke-
stone with abundant Pteriomorphian bivalves, ammonoids, 
brachiopods, echinoderms, algae fragments and well-pre-
served crinoid ossicles and echinoderm spines (Figures 15, 
16; Table 1). Although not abundant, it is important to note 
the appearance of Gervillaria (Baryvellia) ponderosa — a 
large, thick-shelled, bivalve. Stationary epifaunal suspen-
sion feeder organisms comprise 76% of the same, while 
11% are facultatively mobile infaunal suspension feeders, 
10% are facultatively mobile epifaunal suspension feed-
ers, 2% are facultatively mobile deep infaunal chemos-
ymbiotic, and 2% are stationary, semi-infaunal suspension 
feeders (Figure 5). In thin-section, we see oncoids with 
algal envelopes around fossil fragments and abundant si-
liciclastics (Figures 15, 16). This sample was collected be-
low well-known coral beds (Gazdzicki and Stanley, 1983). 
Based on its close stratigraphic position to the coral beds 
and the presence of coated grains, we interpret a moderate 
Figure 11 Thin-section photomicrographs of Sample 8-7
Lower Member of Augusta Mountain Formation; dark gray car-
bonate mudstone; Bi=Bivalve; E=Echinoderm spine.
A
Bi
E
Bi
1000 μm 1000 μm
Figure 12 Thin-section photomicrographs of Sample 8-8
Lower Member of Augusta Mountain Formation; red chert clasts 
in brown, silty packstone. Rc=Red chert; P=Peloid.
Rc
Rc
P
A
1000 μm 1000 μm
Figure 13 Thin-section photomicrographs of Sample 8-9 Low-
er Member of Augusta Mountain Formation; gray wackestone 
with small chert clasts and abundant hematite (H); Bi=Bivalve.
Bi
Bi
H
1000 μm 1000 μm
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to high-energy patch reef environment.
4.12 Sample 7-3: Lower Member, Augusta 
  Mountain Formation
A dark gray, wackestone to packstone with significant 
iron oxide staining comprises this sample (Figure 17). This 
sample consists of abundant terebratulid and spiriferid 
brachiopods and rare bivalves and ammonoids with the 
sample consisting of 94% stationary epifaunal suspension 
feeders (Figure 5).
5 Environmental interpretations
Based on our preliminary sedimentological and paleon-
tological data we suggest that during the Middle Triassic 
an accretionary rimmed shelf margin existed in this area 
— beginning with the quiet, inner shore environment that 
eventually transitions to shelf edge and patch reefs envi-
ronments with time (Figure 2).
Beginning with the base of the Favret Formation we re-
cord evidence of a silty limestone with abundant hematite 
and siliciclastics, which we interpret as a near-shore, low 
to moderate energy environment, most likely an intertidal 
zone — near-coast zone between normal high and low-tide 
levels (Flügel, 2004). MacMillan (1972) noted the pres-
ence of ripple-marks in this portion of the section, which 
is in agreement with our interpretation. The community 
represented by this sample is dominated by nektonic, car-
nivorous ammonoids, which constitute 85% of the counted 
specimens with the other 15% made up of bivalves. The 
lack of sessile specimens is likely due to sampling bias 
since the total number of specimens counted equals thirty-
four. The lack of sessile organisms could also be explained 
by low oxygen conditions, which can result in a black 
Figure 14 Thin-section photomicrographs of Sample 8-10 Lower Member of Augusta Mountain Formation; gray, porous packstone;
A-abundant hematite and siliciclastics; P=Peloid; Bi=Bivalve; B-Red algae.
B
P
Bi
A
1000 μm 500 μm
B
P
Bi
A
1 0 μm 500 μm
Figure 15 Thin-section photomicrographs of Sample 8-11 
Lower Member of Augusta Mountain Formation; wackesonte; 
shell fragments with micritic envelopes (ME).
ME
ME
1000 μm
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Figure 16 Sample 8-11 Lower Member of Augusta Mountain Formation. A-Hand sample depicting oncoids; Scale bar = 2 cm, 
picture is true size. B through E depict oncoids in thin-section; Scale bar = 1 mm;  B-Coated calicified cyanobacteria: Cayeuxia cross-
section; C-Longitudinal section of Cayeuxia; D-Oncoid with bivalve fragment nucleus; E-Oncoid with brachiopod fragment nucleus.
A
B C
D
E
1 mm
1 mm
1 mm
2 cm
1 mm
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mudstone like the ones observed in the lower part of the 
section.
As the Favret Formation continued to be deposited, 
siliciclastics flowed into the system and resulted in the 
periodic deposition of siltstones interbedded within the 
predominant carbonate system. Evidence of ammonoid 
specimens depressing lamination adds to this interpreta-
tion of a muddy, quiet environment, further supporting the 
inference of an inner shelf depositional setting. Through 
time we see evidence of a higher abundance of siliciclas-
tics, which could indicate a subtle drop in sea level change 
or an increase in local tectonics.
The Augusta Mountain Formation marks a lithological 
change from carbonate mudstone interbedded with silt-
stone to more massive carbonate wackestones and pack-
stones. Overall we see a progression of decreased terrig-
enous siliciclastics in the system compared to the Favret 
Formation — except where chert pebble carbonates exist. 
This shift towards wackestone and packstones, including 
the abundance of echinoderm fragments, peloids, oncoids 
and algal envelopes around fossil fragments, as well as an 
increase in abundance of bivalves, brachiopods, gastro-
pods, foraminifera and ostracodes, and lastly the reported 
presence of reef-building fossils (i.e., corals), lead to the 
interpretation of a deeper intertidal to shallow subtidal, 
mid- to high-energy environment. We suggest that as sea 
level rose progressively, the environment changed to a 
middle shelf environment, eventually patch reefs formed 
on the shelf edge and returned back to a middle shelf en-
vironment again (Figure 2). This overall transgression was 
interrupted by intervals of regional uplift introducing chert 
into the system resulting in the chert pebble limestone con-
glomerate/breccia seen in Sample 8-8. MacMillan (1972) 
reported a similar trend of gradual transgression with cy-
cles of regression due to regional uplift within the Ladin-
ian portion of the South Canyon section. 
6 Taxonomic and ecological changes 
through time
The Early Mesozoic is thought to record the switch 
from brachiopod-dominated benthic communities to gas-
tropod-bivalve dominated benthic communities (McRob-
erts, 2001). In addition to this major reorganization of 
benthic communities, researchers document an increase 
in infaunalization, shell thickness and intricate shell orna-
mentation (McRoberts, 2001). These changes are gener-
ally thought to have been a product of increased preda-
tory pressures that forced benthic communities to take part 
in an evolutionary “arms race” with predators (Vermeij, 
1977). However, McRoberts (2001) gathered data from 
the Middle Triassic of Europe and concluded that during 
the Triassic, evidence for elevated predation was lacking, 
particularly drill holes created by predatory gastropods. 
McRoberts (2001) suggests that differential environmental 
stresses between epifaunal and infaunal habitats, coupled 
Figure 17 Thin-section photomicrographs of Sample 7-3 Lower Member of Augusta Mountain Formation; dark gray wackestone; 
Br=Brachiopod.
Br
Br
1000 μm 1000 μm
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with high competition, may have given the opportunity for 
infaunal organisms to take over. He also suggests that in-
faunalization may have been initially coordinated with the 
end-Permian extinction with the elimination of the epifau-
nal communities later in the Triassic.
Taxonomic and ecologic patterns within our data indi-
cate that benthic communities begin as ammonoid and flat, 
epifaunal bivalve dominated (within the Favret Forma-
tion) and progress to a benthic community still dominated 
by epifaunal organisms but infaunalization begins to in-
crease with time. These observed ecological changes can 
result from the lithologic changes between the Favret For-
mation and Lower Member of Augusta Mountain Forma-
tion; however, when we focus on ecological patterns just 
within the Lower Member, Augusta Mountain Formation 
— a unit interpreted as being deposited along the middle 
shelf and shelf edge, we observe similar trends. The Low-
er Member of Augusta Mountain Formation begins with 
epifaunal bivalves dominating followed by an increase 
in infaunalization and shell thickness up-section (as ob-
served by the presence of Gervillaria) (Figure 3; Table 1). 
Thus, more modern ecologies begin to occur in the mid-
dle of the Ladinian; that is, toward the end of the Middle 
Triassic. The data from this study is also consistent with a 
gradual increase in the richness of bivalves throughout the 
Middle Triassic (McRoberts, 2001).
Further up-section we observe a taxonomic change 
while the general epifaunal dominant ecology remains the 
same — epifaunal bivalves give way to epifaunal brachi-
opods. The overall lack of observed predators (e.g., car-
nivorous ammonoids and gastropods) up-section suggests 
that this taxonomic change did not occur due to predatory 
stresses. Instead, we believe these taxonomic changes 
might be a result of changes in overall substrate; that is, a 
change from muddy, soft bottom substrate to a firmer sub-
strate. However, further investigation must be completed 
to confirm this hypothesis. 
Overall, our section records an interesting time when 
benthic communities are in, what we would like to call 
“faunal limbo”; they are neither fully Paleozoic nor fully 
modernized. Instead, we see modern taxa (i.e., bivalves) 
with Paleozoic ecologies (i.e., epifaunal suspension feed-
ers) dominating the Middle Triassic with glimpse of a 
more fully modernized community beginning to take hold 
in the middle Ladinian stage only to be replaced by a typi-
cal Paleozoic Fauna assemblage — that is, dominated by 
epifaunal brachiopods. As mentioned previously, further 
investigation needs to be completed in order to fully docu-
ment this transition. Respectively, a more detailed faunal 
and sedimentological sampling scheme, including record-
ing evidence of substrate changes, needs to occur to con-
firm the overall patterns observed in our study.
7 Conclusions
We present new taxonomic and ecologic data within an 
environmental context, from the Middle Triassic within 
the eastern Panthalassa realm. Beginning in the Anisian 
and continuing through the Ladinian, we observe a trans-
gressional event over a rimmed carbonate platform that 
periodically experienced local uplift. Within this carbon-
ate platform, we record faunal changes beginning in the 
Anisian with an ammonoid dominated to flat-clam, epi-
faunal dominated benthic community that progressively 
increased in ecological complexity via the introduction of 
infaunalization within the middle Ladinian stage. By the 
end of the Ladinian, epifaunal brachiopods dominate ben-
thic communities. We attribute these taxonomic and eco-
logic changes to changes in substrate rather than predator/
prey interactions because of the lack of observed predators 
through time; however, further investigation is needed to 
confirm our substrate hypothesis. And, overall we report 
that in our section, Paleozoic-style communities (i.e., epi-
faunal bivalves and brachiopods) dominate with the in-
troduction of modern-style communities occurring in the 
middle Ladinian.
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